
TRAINING COURSE PRESENTATION 

Contaminant Flux and Fate in Fractured Rock 

ESTCP Project ER-201570 

OCTOBER 2016 

Charles Schaefer 
CDM Smith 

 
  Distribution Statement A 

This document has been cleared for public release 



This report was prepared under contract to the Department of Defense Environmental 
Security Technology Certification Program (ESTCP).  The publication of this report 
does not indicate endorsement by the Department of Defense, nor should the contents 
be construed as reflecting the official policy or position of the Department of Defense.  
Reference herein to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply 
its endorsement, recommendation, or favoring by the Department of Defense. 



REPORT DOCUMENTATION PAGE

Standard Form 298 (Rev. 8/98) 
Prescribed by ANSI Std. Z39.18

Form Approved 
OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information 
Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other 
provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.   
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)

4. TITLE AND SUBTITLE 5a.  CONTRACT NUMBER

5b.  GRANT NUMBER

5c.  PROGRAM ELEMENT NUMBER  

5d.  PROJECT NUMBER

5e.  TASK NUMBER

5f.  WORK UNIT NUMBER

6. AUTHOR(S)

8. PERFORMING ORGANIZATION
REPORT NUMBER

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

13. SUPPLEMENTARY NOTES

14. ABSTRACT

16. SECURITY CLASSIFICATION OF:
a. REPORT b. ABSTRACT c. THIS PAGE

17. LIMITATION OF
ABSTRACT

18. NUMBER
OF
PAGES

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

15. SUBJECT TERMS

19a.  NAME OF RESPONSIBLE PERSON

19b.  TELEPHONE NUMBER (Include area code)

ESTCP Training Course Presentation

43

Charles Schaefer

Charles Schaefer
ER-201570

ER-201570

ER-201570

ESTCP

27-10-2016 9/25/2015 - 6/30/2018

15-P-0099
Contaminant Flux and Fate in Fractured Bedrock

Contaminant Flux and Fate, Fractured Bedrock

732-590-4633
UNCLASS UNCLASS UNCLASS UNCLASS

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited. 

CDM Smith
110 Fieldcrest Ave., #8, 6th Floor
Edison, NJ 08648

Environmental Security Technology Certification Program
4800 Mark Center Drive, Suite 16F16
Alexandria, VA 22350-3605

The objectives of this presentation are to:

•Identifying and characterizing DNAPL in bedrock
 -Edwards Air Force Base (AFB)
•Abiotic Dechlorination in Rock Matrices (coupled diffusion & reaction)
•Insights at Loring AFB
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Objectives 
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1. DNAPL ARCHITECTURE & DISSOLUTION 

 
  
  
  

 
 

 


 
  
  



 
   

Demonstration Location ‐ 
Edwards AFB  

(ESTCP 201210) 

 
  
  
  
  
  
  
  

 

 



   

100 mL/min recirculation flow 
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Annable et al., JEE, 1998 

Compare elution of 
conservative and partitioning 

tracers (alcohols) to verify 
and quantify DNAPL 

Partitioning Tracer Testing (PTT) 
 

Applicable to Unconsolidated and Consolidated Materials 
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What Else Does This Tell Us? 

DNAPL distribution 
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   PCE Mass Distribution and Flux 

   

  149 g PCE in rock matrix  

Treating to remove DNAPL might make sense 

PCE concentration profile suggests 
back-diffusion not occurring 

2,400 g PCE as DNAPL 
in fractures 
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Bioaugmentation Results 
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Impacts of DNAPL Architecture on Treatment 
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Are such reactions occurring, can they be measured, and are they 
important for my site? 

 Matrix diffusion is a SLOW process, so even a slow dechlorination 
reaction can be significant 
 

 Several studies have focused on abiotic dechlorination reactions 
facilitated by naturally occurring ferrous minerals 

 
 

2. Rock Matrix Dechlorination Reactions 
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Diffusion Cell Experiments 

17 



 
   

Iodide Diffusion Results: Impact of Mineral Bedding 
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   Predicting Diffusion Based on Apparent Porosity 
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   Coupled TCE Diffusion and Reaction 
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Coupled Diffusion and Reaction of TCE through Rock 



 
   

 

 

Up to 10 months exposure at elevated TCE concentrations (200 mg/L) 
did not result in any decrease in the observed dechlorination rate constant 

 
Low stoichiometric Fe2+ consumption (<2%) 



 

 
   

Collection at the former Naval Air Warfare 
Center, Trenton, NJ, USA 
 
Core collected adjacent to fractures at 
three depth intervals 

Collect Core from within the TCE Plume 
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Groundwater Packer Sampling (µg/L) 

Groundwater Data as Screening for Potential 
Abiotic Dechlorination Reactions 

25 

Compound  49 53 83
TCE  203  463  24,800 
cis‐DCE  59  410  260 
vinyl chloride  2  31  6.2 
methane  28  31  4.8 
ethane  3.2  2.0  0.48 
ethene  ‐  3.6  ‐ 
propane  2.4  2.4  0.3 
acetylene  ‐  ‐  4.8 
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Rock minerals still able 
to dechlorinate TCE 

(similar rate constant) 

Comparison of 
TCE spiked vs. non TCE spiked 
samples in laboratory system 
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Simulated 30 years of uptake 

Dechlorination half-life = 2.1 years 
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How Important are the Reactions? 
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•Loring AFB Limestone 
 
•Batch testing showed substantial 

abiotic reactivity 
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Edwards AFB Granite 

Batch testing showed 
negligible abiotic reactivity 
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Next Steps - Using Intact Rock Core: 
  

 
  

~$25K lab cost (assuming core available)  
 

How Readily Can This Information Be Attained? 
Initial Screening 
  

 
  

<$100/sample   
 

 Ferrous iron in crushed rock (EPA Method SM3500-Fe B.4.c) 
~$75/sample    



 
   

 

 

3. Impacts of Matrix Diffusion and Reaction on the 
Dissolved Plume: Loring AFB – Groundwater 

 Management Zone (GMZ) 4 
GMZ 4 

fractured limestone 
complex fracture flow 
former drum disposal 
PCE (DNAPL likely) 
prior steam injection 
no groundwater data for 10 years 
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EX1                                   EX4  VEA5 EX2 QBC1 EX3 

Identify High Contaminant Flux Zones 
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Bioaugmentation to Target High PCE Flux Zone 
Tracer slug PTT 
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Chloride Generation at QBC6  
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Preliminary Assessment – Role of Matrix 
Dechlorination Reactions 
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Role of the Rock Matrix for Natural Attenuation 
of the Downgradient Dissolved Plume 
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Conclusions 
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